to these unique environmental conditions, the USDAsource irrigation system was used in a 2-yr study. Significant differ-ARS has initiated a breeding program to develop cultiences were detected among the tall fescue entries for dry matter yield vars of tall fescue for western irrigated pastures.
(DMY), and differences were relatively consistent across water levels Tall fescue was introduced from Europe in the mid- and West, 1996) . Much of the popularity of tall fescue in the season. Differences in DMY between 'Ky 31' tall fescue infected can be attributed to its adaptation to a wide range of with the Neotyphodium endophyte and its endophyte-free counterpart soil, climatic, and management conditions. were instrumental in the early expansion of the species across levels of water stress would be a logical criterion for selection Cowan, 1956) . Subsequent breedof germplasm for irrigated pastures in the Intermountain Region.
ing programs in the public and private sectors have emphasized recurrent selection involving the applica-F ederal land policies have curtailed the use of pubtion of various forms of progeny testing (Asay et al., lic lands for livestock grazing in the Semiarid West, 1979; Sleper, 1985; Sleper and West, 1996) , and several forage and turf cultivars have since been released USDA-ARS, Forage and Range Research Laboratory, Utah State (Alderson and Sharp, 1994 ble for many of these disorders (Stuedemann and Thompson, 1993 phodium coenophialum (Morgan-Jones & Gems) Glenn, in forage yield across water levels, (ii) the effect of water level on seasonal distribution of forage yield, and (iii) Bacon & Hanlin has been identified with the fescue toxicity syndrome (Bacon et al., 1977; Bacon, 1995) .
effects of the Neotyphodium endophyte on productivity and trends. The detrimental effects of the endophyte on the grazing animal have been confirmed in several studies including those by Hoveland et al. (1983) . Shelby and Dalrymple, MATERIALS AND METHODS (1987) estimated that 90% of the tall fescue pastures in
In the present study, 10 tall fescue cultivars and strains were the USA were infested to some degree with the endoestablished in the field under a line-source irrigation system phyte. Beef losses attributed to this fungus in tall fescue and subjected to frequent clipping under five levels of irrigaforage exceed more than $600 million annually (Hovtion. Alta, 'Fawn', Ky 31, and 'Martin' were described by eland, 1993). Alderson and Sharp (1994) ; 'Forager' by Baluch et al. (1980) ; 'MO-96' by Asay and Sleper (1979) ; 'Advance' by Easton
The presence of the endophyte has now been associ- et al. (1994) ; and 'HiMag' by Crawford et al. (1998) . MO ated with many of the positive attributes of tall fescue, HD-II is an experimental line derived through selection for including its wide adaptation and tolerance of biotic improved in vitro dry matter digestibility (D.A. Sleper, 1999, and abiotic stress (West and Gwinn, 1993 in breeding endophyte-free cultivars are discussed by strains included in the study were essentially endophyte free.
The experimental plots were established at the Utah State Inc., 1994). Because WL were not randomized within cultivars Stability parameters were determined by regressing the cultivar means for specific environments, i.e., cultivar ϫ WL ϫ (C), a valid test for the main effect due to WL was not available. The WL ϫ C interaction was tested with the replication year means, on the corresponding environmental means, i.e., WL ϫ year means (Eberhart and Russell, 1966) . Computa-(R) ϫ WL ϫ C interaction. Data from individual years were treated as repeated measures in the analyses combined across tions of the environmental means did not include the value for the cultivar involved in its respective regression analysis. years. Mean separations were made on the basis of the Fisher's protected least significant difference (LSD) at the 0.05 level of probability. Linear, quadratic, and cubic trends of DMY
RESULTS AND DISCUSSION
across WL were determined for each cultivar using orthogonal Significant (P Ͻ 0.01) differences were found among polynomials with unequal intervals (Gomez and Gomez, 1984, the tall fescue cultivars for DMY in 1997, 1998, and in p. 230) . Amount of water received at each WL was used in the computation of the coefficients.
the combined analysis across years (Table 1) . Annual DMY of the cultivars averaged across years was 21.9, The cultivar ϫ WL interaction was nonsignificant in 1998 and in the analysis combined across years when 22.0, 21.8, 20.0, and 16.4 Mg ha Ϫ1 for WL-1 through WL-5, respectively (Table 2) . Although this is an apparall harvests were considered. This interaction was not significant in either year or in the combined analysis ent curvilinear response, the trends were not consistent across harvest dates (Fig. 1) . Dry matter yield of the across years when data from the first three harvests were excluded (Table 1) . For example, the cultivars cultivars was relatively stable across WL at the first three harvests during both years. This can be attributed Martin, Forager, Fawn, and Ky 31 Eϩ were among the top yielding cultivars at all five water levels in both to higher than average precipitation during the spring and early summer of both years. Also, N may have instances, and Ky 31 EϪ, MOHD-II, MO-96, and HiMag were consistently in the lower yielding tier of enaccumulated in the soil at the drier WL because of a reduced rate of leaching. However, in the remaining tries (Tables 2 and 3 ). The relative consistency of differences among cultivars across WL is confirmed by the harvests of both years a significant decline in DMY across WL is evident (Fig. 1) . Accordingly, trends in inter WL correlation matrices (Table 4) . Correlation coefficients (r) among WL, computed from cultivar ϫ DMY without the inclusion of Harvests 1, 2, and 3 also were evaluated. The decline in DMY across WL was WL means, ranged from 0.72 to 0.91 in the data involving all harvests and from 0.83 to 0.94 when the first much more apparent in the analyses of data without the first three harvests. Dry matter yields for the five WL three harvests were not included. All r values were significant (P Ͻ 0.05 or 0.01, n ϭ 10). in this data set averaged across years and cultivars were 8.0, 7.7, 7.1, 5.2, and 2.6 Mg ha Ϫ1 (Table 3) . It is noteworthy that DMY for Advance averaged the analysis of data with and without Harvests 1, 2, and WL 3 (Tables 2 and 3 stable forage yield across the first three WL followed ** indicates significance at P Յ 0.01, n ϭ 10.
by a relatively sharp decline thereafter (Fig. 2) . 110% of the mean in the analyses of data without the Stability parameters, based on regression analyses, first three harvests (Table 3) . However, when only the have been used to evaluate the performance of cultivars first three harvests were considered, comparative DMY across a series of environments (Eberhart and Russell, 1966) . Stability has been defined as uniform perforfor Advance was substantially less at 94% of the mean. (Table 3) . With cal breeding objective for this scenario would be to develop cultivars with a high mean DMY, a b value of this scenario, selection on the basis of DMY would be a reasonable approach. It should be noted that DMY 1.0, and a low standard deviation from regression.
When all harvests were considered, Martin, Forager, of Martin was consistently high across WL in both sets of data (Fig. 2) . Fawn, Ky 31 Eϩ, and Alta all had relatively high annual DMY (Table 2) , although the stability (b) of these cultiDry matter yield of Ky 31 Eϩ was consistently higher than Ky 31 EϪ in the analyses of data with and without larly during the late summer and fall (Fig. 4) . The tall the first three harvests (Fig. 3) . Differences were signififescue cultivars produced significantly (P Ͻ 0.01) less cant (P Ͻ 0.01) at WL-5 for annual DMY and at forage at WL 4 and 5 than all other WL at the final WL-4 in the analysis without the first three harvests. In three harvests in 1997 and at the final two harvests in the latter analysis, the difference between the two en-1998. Moreover, DMY at WL 5 was significantly less tries approached significance (P ϭ 0.057) at WL-5. Althan WL 4 during the late summer and early fall (Tathough this relationship needs additional study, our reble 3). sults suggest that the presence of the Neotyphodium endophyte may have a beneficial effect on the produc-CONCLUSIONS tivity of tall fescue in the Intermountain Region, particuDry matter yield of the 10 tall fescue cultivars differed larly as water becomes limiting. significantly (0.01), and responded in a curvilinear manSeasonal distribution of yield is an important considner to five levels of irrigation. However, the trends in eration in the selection of grass germplasm for irrigated DMY across WL were not consistent among the six pastures. In these studies, trends in DMY across the six harvest dates in 1997 and the five harvests in 1998. harvest dates in 1997 and five harvests in 1998 was associated with the amount of available water, particuBecause of above average precipitation during spring
